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PROBLEM TO BE SOLVED: To provide a fluorescent substance for vacuum ultraviolet exited light emitting diodes 
having excellent emission brightness and little reduction in plasma exposure. 

SOLUTION: This fluorescent substance comprises a compound expressed by general formula: mM1 0.nM20.2M302 
(wherein M1 expresses ≥1 species selected from a group consisting of Ca f Sr and Ba; M2 expresses ≥1 species 
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Sr and Ba or Sr or Ba) containing ≥1 species selected from a group consisting of Eu and Mn as an activating agent. 
* The a fluorescent substance has the same crystal structure as that of either one of diopside, akermanite or merwinite. 
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• CLAIMS 



[Claim(s)] 

[Claim 1] general formula mM1 0-nM2O.2M3O2 (M1 in a formula is chosen from the group which consists of calcium, 
Sr, and Ba — one or more sorts) One or more sorts chosen from the group which M2 becomes from Mg and Zn, one or 
more sorts chosen from the group which M3 becomes from Si and germanium, M1 is two or more sorts chosen from 
the group which consists of calcium, Sr. and Ba, or Sr or Ba at the time of 0.5<=m<=3.5, 0.5<=n<=2.5, however m=n=1. 
The fluorescent substance for vacuum-ultraviolet-radiation excitation light emitting devices characterized by one or 
more sorts chosen from the group which becomes the compound expressed from Eu and Mn as an activator coming to 
contain. 

[Claim 2] The fluorescent substance which is a fluorescent substance for vacuum-ultraviolet-radiation excitation light 
emitting devices according to claim 1, and has the same crystal structure as a DIOPU side (Diopside, diopside). 
[Claim 3] general formula (M41-aEua) (M51-bMnb) M6206 (M4 in a formula — calcium — ) one or more sorts chosen 
from the group which two or more sorts chosen from the group which consists of Sr and Ba, Sr, or Ba and M5 become 
from Mg and Zn, one or more sorts chosen from the group which M6 becomes from Si and germanium, 0<=a<=0.5, 
0<=b<=0.5, and 0<a+b. The fluorescent substance according to claim 2 which has the presentation expressed. 
[Claim 4] The fluorescent substance according to claim 2 which has the presentation expressed with general formula 
calcium 1-c-dSrcEudMgSi 206 (0< c<=0.1, 0< d<=0.1.). 

[Claim 5] The fluorescent substance which is a fluorescent substance for vacuum-ultraviolet-radiation excitation light 
emitting devices according to claim 1, and has the same crystal structure as akermanite (Akermanite, OKERUMAN 
stone). 

[Claim 6] general formula (M71-eEue) 2(M81-fMnf) M9207 (M7 in a formula — calcium — ) one or more sorts chosen 
from the group which consists of Sr and Ba, one or more sorts chosen from the group which M8 becomes from Mg and 
Zn, one or more sorts chosen from the group which M9 becomes from Si and germanium, 0<=e<=0.5, 0<=f<=0.5, and 
0<e+f. The fluorescent substance according to claim 5 which has the presentation expressed. 

[Claim 7] The fluorescent substance according to claim 5 which has the presentation expressed with general formula 
(M101-gEug) 2M1 1 Si 207 (one or more sorts chosen from the group which M10 in a formula becomes from calcium, Sr, 
* and Ba, one or more sorts chosen from the group which M11 becomes from Mg and Zn, 0.001<=g<=0.1.). 
[Claim 8] general formula (M121-hEuh) (M131-iMni) 2M14207 (M12 in a formula — calcium — ) one or more sorts 
chosen from the group which consists of Sr and Ba, one or more sorts chosen from the group which M1 3 becomes 
from Mg and Zn, one or more sorts chosen from the group which M14 becomes from Si and germanium, 0<=h<=0.5, 
0<=i<=0.5, and 0<h+i. The fluorescent substance according to claim 5 which has the presentation expressed. 
[Claim 9] The fluorescent substance which is a fluorescent substance for vacuum-ultraviolet-radiation excitation light 
emitting devices according to claim 1, and has the same crystal structure as a merwinite (Merwinite). 
[Claim 10] general formula (M151-jEuj) 3(M161~kMnk) M 17208 (M15 in a formula — calcium — ) one or more sorts 
chosen from the group which consists of Sr and Ba, one or more sorts chosen from the group which M16 becomes 
from Mg and Zn, one or more sorts chosen from the group which M17 becomes from Si and germanium, 0<=j<=0.5, 
0<=k<=0.5, and 0<j+k. The fluorescent substance according to claim 9 which has the presentation expressed. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] v 

[Field of the Invention] This invention relates to the suitable fluorescent substance for vacuum-ultraviolet-radiation 
excitation light emitting devices, such as a plasma display panel (henceforth "PDP"), and a rare-gas lamp. 
[0002] 

[Description of the Prior Art] The fluorescent substance made to excite and emit light with vacuum ultraviolet radiation 
etc. is already known. BaMgAMOOl 7:Eu which consists of Ba, Mg, aluminum, O, and an activator (Eu) as a blue 
fluorescent substance for vacuum-ultraviolet-radiation excitation light emitting devices for example, for example 
Zn2Si04:Mn which consists of Zn, Si, O, and an activator (Mn) as a green fluorescent substance for example It is put in 
practical use as a B03:Eu red fluorescent substance which consists of Y, Gd, B, O, and an activator (Eu) (Y, Gd), and is 
used for vacuum-ultraviolet-radiation excitation light emitting devices, such as PDP and a rare-gas lamp. 
[0003] However, the fluorescent substance for these vacuum-ultraviolet-radiation excitation light emitting devices was 
expected improvement in the further brightness. Moreover, although vacuum ultraviolet radiation is generated by 
discharging in rare gas and making the plasma generate in vacuum-ultraviolet-radiation excitation light emitting devices, 
such as PDP and a rare-gas lamp, by being exposed to the plasma, there is a problem to which the brightness of a 
fluorescent substance falls, the fluorescent substance for vacuum-ultraviolet-radiation excitation light emitting devices 
with little brightness lowering by plasma exposure is called for, and the fluorescent substance which consists of an 
aluminate which was described above, a silicate, and a borate is examined. As a fluorescent substance which consists 
of a silicate, it is Extended, for example, abstracts of the sixth international conference on the science and 
technologyof display Brightness was not enough although CaMgSi206:Eu was indicated by phosphors and 21-24 as a 
fluorescent substance for vacuum-ultraviolet-radiation excitation light emitting devices. In addition, although 
Sr1.995MgSi2O7:Eu0.005, DyO.025 and CI0.025 and Sr0.445Ba1 .55MgSi2O7:Eu0.005, and Dy0.025 and CI0.025 were 
indicated by the U.S. Pat. No. 5839718 description, it is the fluorescent substance for luminous objects used for the 
display of a dark place, and vacuum-ultraviolet-radiation excitation was not indicated. 
[0004] 

[Problem(s) to be Solved by the Invention] The object of this invention has high brightness and offering few fluorescent 
substances for vacuum-ultraviolet-radiation excitation light emitting devices has the brightness lowering by plasma 
exposure. 
[0005] 

[Means for Solving the Problem] As a result of repeating research wholeheartedly that the above-mentioned technical 
problem should be solved under this situation, this invention persons to vacuum-ultraviolet-radiation excitation light 
emitting devices the inside of a silicate or a germane acid chloride fluorescent substance — general formula mM1 
0-nM20.2M302 (M1 in a formula — calcium — ) One or more sorts chosen from the group which consists of Sr and 
Ba, one or more sorts chosen from the group which M2 becomes from Mg and Zn, M1 is two or more sorts chosen 
from the group which consists of calcium, Sr, and Ba, or Sr or Ba at the time of one or more sorts chosen from the 
group which M3 becomes from Si and germanium, 0.5<=m<=3.5, 0.5<=n<=2.5, however m=n=1. Brightness is high and the 
silicate or germane acid chloride fluorescent substance of a specific presentation which one or more sorts chosen from 
the group which becomes the compound expressed from Eu and Mn as an activator come to contain came to complete 
a header and this invention for there being little brightness lowering by plasma exposure. 
[0006] That is, this invention relates to the following (1) - (10). 

(1) general formula mM1 0-nM20.2M302 (M1 in a formula — calcium — ) One or more sorts chosen from the group 
which consists of Sr and Ba, one or more sorts chosen from the group which M2 becomes from Mg and Zn, M1 is two 
or more sorts chosen from the group which consists of calcium, Sr, and Ba, or Sr or Ba at the time of one or more 
sorts chosen from the group which M3 becomes from Si and germanium, 0.5<=m<=3.5, 0.5<=n<=2.5, however m=n=1. 
The fluorescent substance for vacuum-ultraviolet-radiation excitation light emitting devices which one or more sorts 
chosen from the group which becomes the compound expressed from Eu and Mn as an activator contained. 

(2) The fluorescent substance of the above-mentioned (1) publication which has the same crystal structure as a 
DIOPU side (Diopside, diopside). 

(3) general formula (M41-aEua) (M51-bMnb) M6206 (M4 in a formula — calcium — ) one or more sorts chosen from the 
group which two or more sorts chosen from the group which consists of Sr and Ba, Sr, or Ba and M5 become from Mg 
and Zn, one or more sorts chosen from the group which M6 becomes from Si and germanium, 0<=a<=0.5, 0<=b<=0.5, 
and 0<a+b. The fluorescent substance of the above-mentioned (2) publication which has the presentation expressed. 

(4) The fluorescent substance of the above-mentioned (2) publication expressed with general formula 
calcium1-c-dSrcEudMgSi 206 (0< c<=0.1, 0< d<=0.U 

(5) The fluorescent substance which is a fluorescent substance for the vacuum-ultraviolet-radiation excitation light 
emitting devices of the above-mentioned (1) publication, and has the same crystal structure as akermanite 
(Akermanite, OKERUMAN stone). 

(6) general formula (M71-eEue) 2(M81-fMnf) M9207 (M7 in a formula — calcium — ) one or more sorts chosen from 
the group which consists of Sr and Ba, one or more sorts chosen from the group which M8 becomes from Mg and Zn, 
one or more sorts chosen from the group which M9 becomes from Si and germanium, 0<=e<=0.5, 0<=f<=0.5, and 0<e+f. 
The fluorescent substance of the above-mentioned (5) publication which has the presentation expressed. 

(7) The fluorescent substance of the above-mentioned (5) publication which has the presentation expressed with 
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general formula (M101-gEug) 2M1 1 Si 207 (one or more sorts chosen from the group which M10 in a formula becomes 
from calcium, Sr, and Ba, one or more sorts chosen from the group which M1 1 becomes from Mg and Zn, 
0.001<=g<=0.1). 

(8) general formula (M121~hEuh) (M131-iMni) 2M14207 (M12 in a formula — calcium — ) one or more sorts chosen 
from the group which consists of Sr and Ba, one or more sorts chosen from the group which M13 becomes from Mg 
and Zn, one or more sorts chosen from the group which M14 becomes from Si and germanium, 0<=h<=0.5, 0<=i<=0.5, 
and 0<h+i. The fluorescent substance of the above-mentioned (5) publication which has the presentation expressed. 

(9) The fluorescent substance which is a fluorescent substance for the vacuum-ultraviolet-radiation excitation light 
emitting devices of the above-mentioned (1) publication, and has the same crystal structure as a merwinite (Merwinite). 

* (10) general formula (M151-jEuj) 3(M161~kMnk) M 17208 (M15 in a formula — calcium — ) one or more sorts chosen 
from the group which consists of Sr and Ba, one or more sorts chosen from the group which M16 becomes from Mg 
and Zn, one or more sorts chosen from the group which M17 becomes from Si and germanium, 0<=j<=0.5, 0<=k<=0.5, 
and 0<j+k. The fluorescent substance of the above-mentioned (9) publication which has the presentation expressed. 
[0007] 

[Embodiment of the Invention] This invention is explained in detail below. The fluorescent substance for the 
vacuum-ultraviolet-radiation excitation light emitting devices of this invention general formula mM1 0~nM20.2M302 
(M1 in a formula is chosen from the group which consists of calcium, Sr, and Ba — one or more sorts) At the time of 
one or more sorts chosen from the group which M2 becomes from Mg and Zn, one or more sorts chosen from the 
group which M3 becomes from Si and germanium, 0.5<=m<=3.5, 0.5<=n<=2.5, however m=n=1 Ml is two or more sorts 
chosen from the group which consists of calcium, Sr, and Ba, or Sr or Ba. What considers as a mother crystal, is 
characterized by one or more sorts chosen from the group which consists of Eu and Mn as an activator coming to 
contain, and has the same crystal structure as a DIOPU side, akermanite, and a merwinite is desirable. 
[0008] Even in the inside in the case of having the crystal structure of a DIOPU side (Diopside, diopside) and 
isomorphism general formula (M41-aEua) (M51-bMnb) M6206 (M4 in a formula — calcium — ) which is one in m= 1 and 
n= 1 in the general formula of the above (1) one or more sorts chosen from the group which two or more sorts chosen 
from the group which consists of Sr and Ba, Sr, or Ba and M5 become from Mg and Zn, one or more sorts chosen from 
the group which M6 becomes from Si and germanium, 0<=a< : = : 0.5, 0<=b<=0.5, and 0<a+b. The fluorescent substance 
which has the presentation expressed is desirable as an object for vacuum-ultraviolet-radiation excitation light emitting 
devices. Furthermore, the fluorescent substance which has the presentation expressed with general formula 
calcium1-c-dSrcEudMgSi 206 (0< c<=0.1, 0< d<=0.1.) which is one in m= 1 and n= 1 in the general formula of the above 
(1), and contains calcium and Sr even in the inside in the case of having the crystal structure of a DIOPU side 
(Diopside, diopside) and isomorphism is still more desirable. 

[0009] Even in the inside in the case of having the same crystal structure as akermanite (Akermanite, OKERUMAN 
stone) general formula (M71-eEue) 2(M81-fMnf) M9207 (M7 in a formula — calcium — ) which is one in m= 2 and n= 1 
in the general formula of the above (1) one or more sorts chosen from the group which consists of Sr and Ba, one or 
more sorts chosen from the group which M8 becomes from Mg and Zn, one or more sorts chosen from the group which 
■" M9 becomes from Si and germanium, 0<=e<=0.5, 0<=f<=0.5, and 0<e+f. The fluorescent substance which has the 
presentation expressed is desirable as an object for vacuum-ultraviolet-radiation excitation light emitting devices, 
furthermore, the fluorescent substance which has the presentation expressed with general formula (M101-gEug) 
2M1 1 Si 207 (one or more sorts chosen from the group which M10 in a formula becomes from calcium, Sr, and Ba, one 
or more sorts chosen from the group which M1 1 becomes from Mg and Zn, 0.001<=g<=0.1) in case M9 are Si in f= 0 in 
said general formula is still more desirable. 

[0010] general formula general formula (M121-hEuh) (M131~iMni) 2M14207 [ moreover, ] (M12 in a formula — calcium 
— ) which is one in m= 1 and n= 2 in the general formula of the above (1) also in the inside in the case of having the 
same crystal structure as akermanite one or more sorts chosen from the group which consists of Sr and Ba, one or 
more sorts chosen from the group which M13 becomes from Mg and Zn, one or more sorts chosen from the group 
which M14 becomes from Si and germanium, 0<=h<=0.5, 0<=i<=0.5, and 0<h+i. The fluorescent substance which has the 
presentation expressed is also desirable as an object for vacuum-ultraviolet-radiation excitation light emitting devices. 
[001 1] Even in the inside in the case of having the crystal structure of a merwinite (Merwinite) and isomorphism In the 
general formula of the above (1), it is one in m= 3 and n= 1. general formula (M151-jEuj) 3(M161-kMnk) M17208 (M15 in 
a formula — calcium — ) one or more sorts chosen from the group which consists of Sr and Ba, one or more sorts 
chosen from the group which M16 becomes from Mg and Zn, one or more sorts chosen from the group which Ml 7 
becomes from Si and germanium, 0<=j<=0.5, 0<=k<=0.5, and 0<j+k. The fluorescent substance which has the 
presentation expressed is desirable as an object for vacuum-ultraviolet-radiation excitation light emitting devices. The 
fluorescent substance which has the same crystal structure as a DIOPU side and a merwinite also in a fluorescent 
substance with the same crystal structure as the above-mentioned DIOPU side, akermanite, and a merwinite is 
desirable, and a fluorescent substance with the same crystal structure as a DIOPU side is still more desirable. 
[0012] Next, the manufacture approach of the fluorescent substance of this invention is explained. Or it decomposes at 
elevated temperatures, such as a hydroxide of a high grade (99% or more), a carbonate, a nitrate, a halogenide, and an 
oxalate, and cannot become an oxide as the source of calcium used as the raw material for manufacturing the 
fluorescent substance of this invention, the source of strontium, and a source of barium, the oxide of a high grade 
(99.9% or more) can be used. Or it decomposes at elevated temperatures, such as a hydroxide of a high grade (99% or 
more), a carbonate, a nitrate, a halogenide, and an oxalate, and cannot become an oxide as a raw material used as the 
source of magnesium, and the source of zinc, the oxide of a high grade (99% or more) can be used. Or it decomposes at 
elevated temperatures, such as a hydroxide of a high grade (99% or more), a carbonate, a nitrate, a halogenide, and an 
oxalate, and cannot become an oxide as a raw material which becomes when it comes to the source of silicon, and the 
source of germanium, the oxide of a high grade (99% or more) can be used. 

[0013] Or it decomposes at elevated temperatures, such as a hydroxide of a high grade (99% or more), a carbonate, a 
nitrate, a halogenide, and an oxalate, and cannot become an oxide as the europium used as an activator, and a raw 
material containing manganese, the oxide of a high grade (99% or more) can be used. 

[0014] Especially the manufacture approach of the fluorescent substance of this invention is not limited, and can be 
manufactured by mixing the raw material of each above, for example, calcinating, general formula (M41-aEua) 
(M51-bMnb) M6206 (M4 in a formula — calcium — ) which is one of the desirable presentations one or more sorts 
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chosen from the group which two or more sorts chosen from the group which consists of Sr and Ba, Sr, or Ba and M5 
become from Mg and Zn, one or more sorts chosen from the group which M6 becomes from Si and germanium, 
0<=a<=G\5, 0<=b<=0.5, and 0<a+b. The fluorescent substance which has the presentation expressed can be 
manufactured by carrying out weighing capacity, blending, mixing and calcinating the above-mentioned raw material so 
that it may become a predetermined presentation. The ball mill usually used industrially, a V shaped rotary mixer, or 
stirring equipment can be used for mixing of these raw materials. 

[0015] After mixing, the fluorescent substance of this invention is obtained by calcinating in a 1000 to 1500 degrees C 
temperature requirement for 1 to 100 hours. When what decomposes into a raw material at elevated temperatures, 
such as a hydroxide, a carbonate, a nitrate, a halogenide, and an oxalate, and can become an oxide uses it, it is also 
possible to carry out temporary quenching before this baking in a 600 to 900 degrees C temperature requirement. 
- Especially as a firing environments, although not limited, it is desirable to calcinate hydrogen by the reducing 

atmosphere of the nitrogen 0.1-10 volume % Included, an argon, etc., for example. Moreover, any of an atmospheric-air 
ambient atmosphere and a reducing atmosphere are sufficient as the ambient atmosphere of temporary quenching. 
Moreover, in order to promote a reaction, the flux of optimum dose may be added. 

[0016] Furthermore, the fluorescent substance obtained by the above-mentioned approach can be ground using a ball 
mill, a jet mill, etc. Moreover, it can wash and classify. Re-baking can also be performed in order to raise the 
crystallinity of the fluorescent substance obtained. 

[0017] High brightness is obtained by vacuum-ultraviolet-radiation excitation, and the fluorescent substance of this 
invention obtained as mentioned above has little brightness lowering by plasma exposure. Furthermore, in manufacture 
of PDP and a rare-gas lamp, although the process which installs a fluorescent substance by adding a binder to a 
fluorescent substance, distributing a solvent, applying to a light-emitting part, heat-treating at about 500 degrees C, 
and removing a binder is common, the fluorescent substance of this invention also has little brightness lowering in this 
heat treatment process. Therefore, since long PDP and the long rare-gas lamp of a life can be realized by high 
brightness when the fluorescent substance of this invention is used for vacuum-ultraviolet-radiation excitation light 
emitting devices, such as PDP and a rare-gas lamp, it is suitable as an object for vacuum-ultraviolet-radiation 
excitation light emitting devices. 

[0018] The fluorescent substance of this invention can be excited with ultraviolet rays, X-rays, electron rays, etc. 
other than a vacuum ultraviolet area, and can be used also for the component which made the ultraviolet rays, X-rays, 
and electron rays other than a vacuum ultraviolet area the source of excitation. 
[0019] 

[Example] Next, although an example explains this invention in more detail, this invention is not limited to these 
examples. 

[0020] Example 1 calcium carbonate CaC03, a strontium carbonate (product made from Wako Pure Chem Industry) 
SrC03, oxidation europium (Shin-Etsu Chemical Co., Ltd. make) Eu 203, basic-magnesium-carbonate (product made 
* from Wako Pure Chem Industry) (MgC03) 4Mg(OH)2.5H20, (Product made from Wako Pure Chem Industry) After 

blending and mixing oxidation silicon (product made from Wako Pure Chem Industry) Si02 each raw material so that the 
mole ratio of CaC03:SrC03:Eu203:(MgC03)4Mg(OH)2.5H2 0:Si02 may be set to 0.9215:0.0485:0.015:0.2:2, It calcinated 
at the temperature of 1200 degrees C in the 2 volume %H2 content Ar ambient atmosphere, and calcinated at the 
temperature of 1 200 degrees C in the 2 volume %H2 content Ar ambient atmosphere again after 2-hour baking and a 
crack for 2 hours. Thus, the empirical formula obtained the fluorescent substance expressed with 

calcium0.9215SrO.0485EuO.03MgSi 206. When the excimer 146nm lamp (the USHIO, INC. make, H0012 mold) was used 
for the obtained fluorescent substance and ultraviolet rays were irradiated within the vacuum tub below 6.7Pa 
(5x10-2Torr), blue luminescence was shown and brightness showed 24 cd/m2 to this fluorescent substance. 
[0021] Heat treatment was performed for the obtained fluorescent substance for 500 degrees C and 30 minutes in air. 
As a result of taking out a fluorescent substance and measuring brightness, as compared with heat treatment before, 
brightness did not fall at all. 

[0022] The pressure installed the fluorescent substance before obtained heat treatment into the ambient atmosphere 
of a presentation of 5 volume %Xe-95 volume %Ne by 13.2Pa, and, subsequently to the plasma of 50W, made it expose 
to the plasma of 10W for 15 minutes for 30 minutes. As a result of taking out a fluorescent substance and measuring 
brightness, as compared with plasma exposure before, brightness did not fall at all. 

[0023] Heat treatment was performed for the fluorescent substance before obtained heat treatment and plasma 
exposure for 500 degrees C and 30 minutes in air. Subsequently, the pressure installed into the ambient atmosphere of 
a presentation of 5 volume %Xe-95 volume %Ne by 13.2Pa, and, subsequently to the plasma of SOW, made it exposed to 
the plasma of 10W for 15 minutes for 30 minutes. As a result of taking out a fluorescent substance and measuring 
brightness, as compared with heat treatment and plasma exposure before, lowering of brightness was 4%. 
[0024] Example 2 strontium carbonate SrC03, a barium carbonate (product made from Wako Pure Chem Industry) 
BaC03, oxidation europium (Shin-Etsu Chemical Co., Ltd. make) Eu 203, basic-magnesium-carbonate (product made 
from Wako Pure Chem Industry) (MgC03) 4Mg(OH)2.5H20, (Product made from Wako Pure Chem Industry) After 
blending and mixing oxidation silicon (product made from Wako Pure Chem Industry) Si02 each raw material so that the 
mole ratio of SrC03:BaC03:Eu203:(MgC03)4Mg(OH)2.5H2 0:Si02 may be set to 2.28:0.57:0.075:0.2:2, It calcinated at 
the temperature of 1200 degrees C in the 2 volume %H2 content Ar ambient atmosphere for 2 hours. Thus, the 
empirical formula obtained the fluorescent substance expressed with Sr2.28Ba0.57Eu0.15MgSi 208. When the excimer 
146nm lamp (the USHIO, INC. make, H0012 mold) was used for the obtained fluorescent substance and ultraviolet rays 
were irradiated within the vacuum tub below 6.7Pa (5x10-2Torr), blue luminescence was shown and brightness showed 
30 cd/m2 to this fluorescent substance. 

[0025] The example 3 barium carbonate (product made from Kanto Chemistry) BaC03, oxidation europium (Shin-Etsu 
Chemical Co., Ltd. make) Eu 203, a magnesium oxide MgO (product made from Kanto Chemistry), Oxidation silicon 
(Kojundo Chemical Laboratory Make) Si02 each raw material is blended so that the mole ratio of 

BaC03:Eu203:MgO:Si02 may be set to 1.98:0.01:1:2. Moreover, 0.1 mols added by making B-2 03 into flux to one mol 
of products, and among the acetone, with the mortar, wet blending was carried out enough and it dried. The obtained 
mixed raw material was paid to the metal mold made from stainless steel, and it pressurized by the pressure of 40MPa, 
and fabricated on the circular pellet with a diameter [ of 15mm ] x thickness of 3mm. The obtained pellet was put into 
alumina crucible and it calcinated at 1200 degrees C in the 5 volume %H2~95 volume %Ar ambient atmosphere for 3 
hours. Thus, the empirical formula obtained the fluorescent substance expressed with Ba1 .98Eu0.02MgSi 207. When 
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the excimer 146nm lamp (the USHIO, INC. make, H0012 mold) was used for the obtained fluorescent substance and 
ultraviolet rays were irradiated within the vacuum tub below 6.7Pa (5x10-2Torr), green luminescence was shown and 
brightness showed 95 cd/m2 to this fluorescent substance. 

[0026] In manufacturing example 4(Sr0.99Eu0.01)2MgSi 207, a strontium carbonate (product made from Kanto 
Chemistry) SrC03, oxidation europium (Shin-Etsu Chemical Co., Ltd. make) Eu 203, magnesium-oxide (product made 
from Kanto Chemistry) MgO, and oxidation silicon (Kojundo Chemical Laboratory Make) Si02 were used as a start raw 
material. These raw materials were blended so that the mole ratio of SrC03:Eu203:MgO:Si02 might be set to 
1.98:0.01:1:2, and 0.1 mols added by making B-2 03 into flux to 2071 mol of product (SrO.99Eu0.01) 2MgSi(s), and 
among the acetone, with the mortar, wet blending was carried out enough and it dried. The obtained mixed raw material 
was paid to the metal mold made from stainless steel, and it pressurized by the pressure of 40MPa, and fabricated on 

- the circular pellet with a diameter [ of 15mm ] x thickness of 3mm. The obtained pellet was put into alumina crucible 
and it calcinated at 1200 degrees C in the 5%H2-95%Ar ambient atmosphere for 3 hours. When the wavelength of 
254nm or 365nm ultraviolet rays was irradiated, in any case, light-blue luminescence of high brightness was shown in 
the sample obtained after baking. When vacuum ultraviolet radiation was irradiated using the excimer 146nm lamp 
(USHIO, INC. make) within the vacuum tub below 6.7Pa (5x10-2Torr), light-blue luminescence was shown and 
brightness showed 2 [ 25cds / /] cm. 

[0027] In manufacturing example 5(Sr0.99Eu0.01)2ZnSi 207, a strontium carbonate SrC03, oxidation europium Eu 203, 
a zinc oxide ZnO, and oxidation silicon Si02 were used as a start raw material. These raw materials were blended so 
that the mole ratio of SrC03:Eu203:ZnO:Si02 might be set to 1.98:0.01:1:2, 0.1 mols of B-2s 03 were added to 2071 
mol of product (SrO.99EuO.01) 2ZnSi(s) as flux, and in the acetone, with the mortar, wet blending was carried out 
enough and it dried. The obtained mixed raw material was paid to the metal mold made from stainless steel, and it 
pressurized by the pressure of 40MPa, and fabricated on the circular pellet with a diameter [ of 15mm ] x thickness of 
3mm. The obtained pellet was put into alumina crucible and it calcinated at 1200 degrees C in the 5%H2-95%Ar ambient 
atmosphere for 3 hours. The flume gap excited in ultraviolet rays (254nm or 365nm) also showed bluish green color 
luminescence of high brightness about the sample obtained after baking. When the excimer 146nm lamp (USHIO, INC. 
make) was used for the fluorescent substance obtained within the vacuum tub below 6.7Pa (5x10-2Torr) and vacuum 
ultraviolet radiation was irradiated, luminescence of a bluish green color was shown. 

[0028] The example of comparison 1 calcium carbonate (product made from Wako Pure Chem Industry) CaC03, 
oxidation europium (Shin-Etsu Chemical Co., Ltd. make) Eu 203, basic-magnesium-carbonate (product made from 
Wako Pure Chem Industry) (MgC03) 4Mg(OH)2.5H20, Oxidation silicon (product made from Wako Pure Chem Industry) 
Si02 each raw material is blended so that the mole ratio of CaC03:Eu203:(MgC03)4Mg(OH)2.5H20:SiO2 may be set to 
0.95:0.025:0.2:2. After mixing, it calcinated at the temperature of 1 200 degrees C in the 2 volume %H2 content Ar 
ambient atmosphere for 2 hours. Thus, the empirical formula obtained the fluorescent substance expressed with 
calcium0.95Eu0.05MgSi 206. When the excimer 146nm lamp (the USHIO, INC. make, H0012 mold) was used for the 
obtained fluorescent substance and ultraviolet rays were irradiated within the vacuum tub below 6.7Pa (5x10-2Torr), 
blue luminescence was shown and brightness showed 1 2 cd/m2 to this fluorescent substance. 

[0029] Heat treatment was performed for blue luminescence fluorescent substance BaMgAMOO! 7:Eu of example of 

- comparison 2 marketing for 500 degrees C and 30 minutes in air. As a result of taking out a fluorescent substance and 
measuring brightness, as compared with heat treatment before, brightness fell 1%. 

[0030] The pressure installed the blue luminescence fluorescent substance of the above-mentioned marketing into the 
ambient atmosphere of a presentation of 5 volume %Xe~95 volume %Ne by 1 3.2Pa, and, subsequently to the plasma of 
50W, made it expose to the plasma of 10W for 15 minutes for 30 minutes. As a result of taking out a fluorescent 
substance and measuring brightness, as compared with plasma exposure before, brightness fell 25%. 
[0031] Heat treatment was performed for the blue luminescence fluorescent substance of the above-mentioned 
marketing for 500 degrees C and 30 minutes in air. Subsequently, the pressure installed into the ambient atmosphere of 
a presentation of 5 volume %Xe-95 volume %Ne by 13.2Pa, and, subsequently to the plasma of SOW, made it exposed to 
the plasma of 10W for 15 minutes for 30 minutes. As a result of taking out a fluorescent substance and measuring 
brightness, as compared with heat treatment and plasma exposure before, brightness fell 28%. 
[0032] 

[Effect of the Invention] The fluorescent substance of this invention has high brightness, and there is little brightness 
lowering by plasma exposure, it is especially suitable for vacuum-ultraviolet-radiation excitation light emitting devices, 
such as PDP and a rare-gas lamp, and since the vacuum-ultraviolet-radiation excitation light emitting device of high 
brightness is realizable, it is very useful industrially. 
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* NOTICES * 

JPO and NCIPt are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the Invention] This invention relates to the suitable fluorescent substance for vacuum-ultraviolet-radiation 
excitation light emitting devices, such as a plasma display panel (henceforth "PDP"), and a rare-gas lamp. 
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* PRIOR ART 



[Description of the Prior Art] The fluorescent substance made to excite and emit light with vacuum ultraviolet radiation 
etc. is already known. BaMgAI10O17:Eu which consists of Ba, Mg, aluminum, O t and an activator (Eu) as a blue 
fluorescent substance for vacuum-ultraviolet-radiation excitation light emitting devices for example, for example 
Zn2Si04:Mn which consists of Zn, Si, O, and an activator (Mn) as a green fluorescent substance for example It is put in 
practical use as a B03:Eu red fluorescent substance which consists of Y, Gd, B, O, and an activator (Eu) (Y, Gd), and is 
used for vacuum-ultraviolet-radiation excitation light emitting devices, such as PDP and a rare-gas lamp. 
[0003] However, the fluorescent substance for these vacuum-ultraviolet-radiation excitation light emitting devices was 
expected improvement in the further brightness. Moreover, although vacuum ultraviolet radiation is generated by 
discharging in rare gas and making the plasma generate in vacuum-ultraviolet-radiation excitation light emitting devices, 
such as PDP and a rare-gas lamp, by being exposed to the plasma, there is a problem to which the brightness of a 
fluorescent substance falls, the fluorescent substance for vacuum-ultraviolet-radiation excitation light emitting devices 
with little brightness lowering by plasma exposure is called for, and the fluorescent substance which consists of an 
aluminate which was described above, a silicate, and a borate is examined. As a fluorescent substance which consists 
of a silicate, it is Extended, for example, abstracts of the sixth international conference on the science and 
technologyof display Brightness was not enough although CaMgSi206:Eu was indicated by phosphors and 21-24 as a 
fluorescent substance for vacuum-ultraviolet-radiation excitation light emitting devices. In addition, although 
Sr1.995MgSi2O7:Eu0.005, DyO.025 and CIO.025 and Sr0.445Ba1.55MgSi2O7:Eu0.005, and DyO.025 and CI0.025 were 
indicated by the U.S. Pat. No. 5839718 description, it is the fluorescent substance for luminous objects used for the 
display of a dark place, and vacuum-ultraviolet-radiation excitation was not indicated. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] The fluorescent substance of this invention has high brightness, and there is little brightness 
lowering by plasma exposure, it is especially suitable for vacuum-ultraviolet-radiation excitation light emitting devices, 
such as PDP and a rare-gas lamp, and since the vacuum-ultraviolet-radiation excitation light emitting device of high 
brightness is realizable, it is very useful industrially. 
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TECHNICAL PRO BLEM 

[Problem(s) to be Solved by the Invention] The object of this invention has high brightness and offering few fluorescent 
substances for vacuum-ultraviolet-radiation excitation light emitting devices has the brightness lowering by plasma 
exposure. 
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- MEANS 



[Means for Solving the Problem] As a result of repeating research wholeheartedly that the above-mentioned technical 
problem should be solved under this situation, this invention persons to vacuum-ultraviolet-radiation excitation light 
emitting devices the inside of a silicate or a germane acid chloride fluorescent substance — general formula mM1 
0-nM20.2M302 (M1 in a formula — calcium — ) One or more sorts chosen from the group which consists of Sr and 
Ba, one or more sorts chosen from the group which M2 becomes from Mg and Zn, M1 is two or more sorts chosen 
from the group which consists of calcium, Sr, and Ba, or Sr or Ba at the time of one or more sorts chosen from the 
group which M3 becomes from Si and germanium, 0.5<=m<=3.5, 0.5<=n<=2.5, however m=n=1. Brightness is high and the 
silicate or germane acid chloride fluorescent substance of a specific presentation which one or more sorts chosen from 
the group which becomes the compound expressed from Eu and Mn as an activator come to contain came to complete 
a header and this invention for there being little brightness lowering by plasma exposure. 
[0006] That is, this invention relates to the following (1) - (10). 

(1) general formula mM1 0-nM20.2M302 (M1 in a formula — calcium — ) One or more sorts chosen from the group 
which consists of Sr and Ba, one or more sorts chosen from the group which M2 becomes from Mg and Zn, Ml is two 
or more sorts chosen from the group which consists of calcium, Sr, and Ba, or Sr or Ba at the time of one or more 
sorts chosen from the group which M3 becomes from Si and germanium, 0.5<=m<=3.5, 0.5<=n<=2.5, however m=n=1. 
The fluorescent substance for vacuum-ultraviolet-radiation excitation light emitting devices which one or more sorts 
chosen from the group which becomes the compound expressed from Eu and Mn as an activator contained. 

(2) The fluorescent substance of the above-mentioned (1) publication which has the same crystal structure as a 
DIOPU side (Diopside, diopside). 

(3) general formula (M41-aEua) (M51-bMnb) M6206 (M4 in a formula — calcium — ) one or more sorts chosen from the 
group which two or more sorts chosen from the group which consists of Sr and Ba, Sr, or Ba and M5 become from Mg 
and Zn, one or more sorts chosen from the group which M6 becomes from Si and germanium, 0<=a<=0.5, 0<=b<=0.5, 

" and 0<a+b. The fluorescent substance of the above-mentioned (2) publication which has the presentation expressed. 

(4) The fluorescent substance of the above-mentioned (2) publication expressed with general formula 
calcium1-c-dSrcEudMgSi 206 (0< c<=0.1, 0< d<=0.1.). 

► (5) The fluorescent substance which is a fluorescent substance for the vacuum-ultraviolet-radiation excitation light 
emitting devices of the above-mentioned (1) publication, and has the same crystal structure as akermanite 
(Akermanite, OKERUMAN stone). 

(6) general formula (M71-eEue) 2(M81-fMnf) M9207 (M7 in a formula — calcium — ) one or more sorts chosen from 
the group which consists of Sr and Ba, one or more sorts chosen from the group which M8 becomes from Mg and Zn, 
one or more sorts chosen from the group which M9 becomes from Si and germanium, 0<=e<=0.5, 0<=f<=0.5, and 0<e-HF. 
The fluorescent substance of the above-mentioned (5) publication which has the presentation expressed. 

(7) The fluorescent substance of the above-mentioned (5) publication which has the presentation expressed with 
general formula (M101-gEug) 2M1 1 Si 207 (one or more sorts chosen from the group which M10 in a formula becomes 
from calcium, Sr, and Ba, one or more sorts chosen from the group which M1 1 becomes from Mg and Zn, 
0.001<=g<=0.1). 

(8) general formula (M121-hEuh) (M131-iMni) 2M14207 (M12 in a formula — calcium — ) one or more sorts chosen 
from the group which consists of Sr and Ba, one or more sorts chosen from the group which M13 becomes from Mg 
and Zn, one or more sorts chosen from the group which M14 becomes from Si and germanium, 0<=h<=0.5, 0<=i<=0.5, 
and 0<h+i. The fluorescent substance of the above-mentioned (5) publication which has the presentation expressed. 

(9) The fluorescent substance which is a fluorescent substance for the vacuum-ultraviolet-radiation excitation light 
emitting devices of the above-mentioned (1) publication, and has the same crystal structure as a merwinite (Merwinite). 

(10) general formula (M151-jEuj) 3(M161-kMnk) M17208 (M15 in a formula — calcium — ) one- or more sorts chosen 
from the group which consists of Sr and Ba, one or more sorts chosen from the group which M16 becomes from Mg 
and Zn, one or more sorts chosen from the group which M17 becomes from Si and germanium, 0<=j<=0.5, 0<=k<=0.5, 
and 0<j+k. The fluorescent substance of the above-mentioned (9) publication which has the presentation expressed. 
[0007] 

[Embodiment of the Invention] This invention is explained in detail below. The fluorescent substance for the 
vacuum-ultraviolet-radiation excitation light emitting devices of this invention general formula mM1 0-nM20.2M302 
(M1 in a formula is chosen from the group which consists of calcium, Sr, and Ba — one or more sorts) At the time of 
one or more sorts chosen from the group which M2 becomes from Mg and Zn, one or more sorts chosen from the 
group which M3 becomes from Si and germanium, 0.5<=m<=3.5, 0.5<=n<=2.5, however m=n=1 M1 is two or more sorts 
chosen from the group which consists of calcium, Sr, and Ba, or Sr or Ba. What considers as a mother crystal, is 
characterized by one or more sorts chosen from the group which consists of Eu and Mn as an activator coming to 
contain, and has the same crystal structure as a DIOPU side, akermanite, and a merwinite is desirable. 
[0008] Even in the inside in the case of having the crystal structure of a DIOPU side (Diopside, diopside) and 
isomorphism general formula (M41~aEua) (M51-bMnb) M6206 (M4 in a formula — calcium — ) which is one in m= 1 and 
n= 1 in the general formula of the above (1) one or more sorts chosen from the group which two or more sorts chosen 
from the group which consists of Sr and Ba, Sr, or Ba and M5 become from Mg and Zn, one or more sorts chosen from 
the group which M6 becomes from Si and germanium, 0<=a<=0.5, 0<=b<=0.5, and 0<a+b. The fluorescent substance 
which has the presentation expressed is desirable as an object for vacuum-ultraviolet-radiation excitation light emitting 
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devices. Furthermore, the fluorescent substance which has the presentation expressed with general formula 
calcium 1-c-dSrcEudMgSi 206 (0< c<=0.1, 0< d<=0.1.) which is one in m= 1 and n= 1 in the general formula of the above 
(1), and contains calcium and Sr even in the inside in the case of having the crystal structure of a DIOPU side 
(Diopside, diopside) and isomorphism is still more desirable. 

[0009] Even in the inside in the case of having the same crystal structure as akermanite (Akermanite, OKERUMAN 
stone) general formula (M71-eEue) 2(M81-fMnf) M9207 (M7 in a formula — calcium — ) which is one in m= 2 and n= 1 

. in the general formula of the above (1) one or more sorts chosen from the group which consists of Sr and Ba, one or 
more sorts chosen from the group which M8 becomes from Mg and Zn, one or more sorts chosen from the group which 
M9 becomes from Si and germanium, 0<=e<=0.5, 0<=f<=0.5, and 0<e+f. The fluorescent substance which has the 
presentation expressed is desirable as an object for vacuum-ultraviolet-radiation excitation light emitting devices. 

" furthermore, the fluorescent substance which has the presentation expressed with general formula (M101-gEug) 
2M11Si 207 (one or more sorts chosen from the group which M10 in a formula becomes from calcium, Sr, and Ba, one 
or more sorts chosen from the group which M1 1 becomes from Mg and Zn, 0.001 <=g<=0.1) in case M9 are Si in f= 0 in 
said general formula is still more desirable. 

[0010] general formula general formula (M121-hEuh) (M131HMni) 2M14207 [ moreover, ] (M12 in a formula — calcium 
— ) which is one in m= 1 and n= 2 in the general formula of the above (1) also in the inside in the case of having the 
same crystal structure as akermanite one or more sorts chosen from the group which consists of Sr and Ba, one or 
more sorts chosen from the group which M13 becomes from Mg and Zn, one or more sorts chosen from the group 
which M14 becomes from Si and germanium, 0<=h<=0.5, 0<=i<=0.5, and 0<h+i. The fluorescent substance which has the 
presentation expressed is also desirable as an object for vacuum-ultraviolet-radiation excitation light emitting devices. 
[001 1] Even in the inside in the case of having the crystal structure of a merwinite (Merwinite) and isomorphism In the 
general formula of the above (1), it is one in m= 3 and n= 1. general formula (M151-jEuj) 3(M161-kMnk) Ml 7208 (M15 in 
a formula — calcium — ) one or more sorts chosen from the group which consists of Sr and Ba, one or more sorts 
chosen from the group which M16 becomes from Mg and Zn, one or more sorts chosen from the group which M17 
becomes from Si and germanium, 0<=j<=0.5, 0<=k<=0.5, and 0<j+k. The fluorescent substance which has the 
presentation expressed is desirable as an object for vacuum-ultraviolet-radiation excitation light emitting devices. The 
fluorescent substance which has the same crystal structure as a DIOPU side and a merwinite also in a fluorescent 
substance with the same crystal structure as the above-mentioned DIOPU side, akermanite, and a merwinite is 
desirable, and a fluorescent substance with the same crystal structure as a DIOPU side is still more desirable. 
[0012] Next, the manufacture approach of the fluorescent substance of this invention is explained. Or it decomposes at 
elevated temperatures, such as a hydroxide of a high grade (99% or more), a carbonate, a nitrate, a halogenide, and an 
oxalate, and cannot become an oxide as the source of calcium used as the raw material for manufacturing the 
fluorescent substance of this invention, the source of strontium, and a source of barium, the oxide of a high grade 
(99.9% or more) can be used. Or it decomposes at elevated temperatures, such as a hydroxide of a high grade (99% or 
more), a carbonate, a nitrate, a halogenide, and an oxalate, and cannot become an oxide as a raw material used as the 
source of magnesium, and the source of zinc, the oxide of a high grade (99% or more) can be used. Or it decomposes at 
elevated temperatures, such as a hydroxide of a high grade (99% or more), a carbonate, a nitrate, a halogenide, and an 
• oxalate, and cannot become an oxide as a raw material which becomes when it comes to the source of silicon, and the 
source of germanium, the oxide of a high grade (99% or more) can be used. 

[0013] Or it decomposes at elevated temperatures, such as a hydroxide of a high grade (99% or more), a carbonate, a 
nitrate, a halogenide, and an oxalate, and cannot become an oxide as the europium used as an activator, and a raw 
material containing manganese, the oxide of a high grade (99% or more) can be used. 

[0014] Especially the manufacture approach of the fluorescent substance of this invention is not limited, and can be 
manufactured by mixing the raw material of each above, for example, calcinating, general formula (M41~aEua) 
(M51-bMnb) M6206 (M4 in a formula — calcium — ) which is one of the desirable presentations one or more sorts 
chosen from the group which two or more sorts chosen from the group which consists of Sr and Ba, Sr, or Ba and M5 
become from Mg and Zn, one or more sorts chosen from the group which M6 becomes from Si and germanium, 
0<=a<=0.5, 0<=b<=0.5, and 0<a+b. The fluorescent substance which has the presentation expressed can be 
manufactured by carrying out weighing capacity, blending, mixing and calcinating the above-mentioned raw material so 
that it may become a predetermined presentation. The ball mill usually used industrially, a V shaped rotary mixer, or 
stirring equipment can be used for mixing of these raw materials. 

[0015] After mixing, the fluorescent substance of this invention is obtained by calcinating in a 1000 to 1500 degrees C 
temperature requirement for 1 to 100 hours. When what decomposes into a raw material at elevated temperatures, 
such as a hydroxide, a carbonate, a nitrate, a halogenide, and an oxalate, and can become an oxide uses it, it is also 
possible to carry out temporary quenching before this baking in a 600 to 900 degrees C temperature requirement. 
Especially as a firing environments, although not limited, it is desirable to calcinate hydrogen by the reducing 
atmosphere of the nitrogen 0.1-10 volume % Included, an argon, etc., for example. Moreover, any of an atmospheric-air 
ambient atmosphere and a reducing atmosphere are sufficient as the ambient atmosphere of temporary quenching. 
Moreover, in order to promote a reaction, the flux of optimum dose may be added. 

[0016] Furthermore, the fluorescent substance obtained by the above-mentioned approach can be ground using a ball 
mill, a jet mill, etc. Moreover, it can wash and classify. Re-baking can also be performed in order to raise the 
crystallinity of the fluorescent substance obtained. 

[0017] High brightness is obtained by vacuum-ultraviolet-radiation excitation, and the fluorescent substance of this 
invention obtained as mentioned above has little brightness lowering by plasma exposure. Furthermore, in manufacture 
of PDP and a rare-gas lamp, although the process which installs a fluorescent substance by adding a binder to a 
fluorescent substance, distributing a solvent, applying to a light-emitting part, heat-treating at about 500 degrees C, 
and removing a binder is common, the fluorescent substance of this invention also has little brightness lowering in this 
heat treatment process. Therefore, since long PDP and the long rare-gas lamp of a life can be realized by high 
brightness when the fluorescent substance of this invention is used for vacuum-ultraviolet-radiation excitation light 
emitting devices, such as PDP and a rare-gas lamp, it is suitable as an object for vacuum-ultraviolet-radiation 
excitation light emitting devices. 

[0018] The fluorescent substance of this invention can be excited with ultraviolet rays, X-rays, electron rays, etc. 
other than a vacuum ultraviolet area, and can be used also for the component which made the ultraviolet rays, X-rays, 
and electron rays other than a vacuum ultraviolet area the source of excitation. 



2/3 



2006/10/12 15:02 



JP.2002-332481.A [MEANS] 



[Translation done.] 



3/3 



2006/10/12 15:02 



JP.2002-332481.A [EXAMPLE] 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

I.This document has been translated by computer. So the translation may not reflect the original precisely. 
_ 2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



- EXAMPLE 



[Example] Next, although an example explains this invention in more detail, this invention is not limited to these 
examples. 

[0020] Example 1 calcium carbonate CaC03, a strontium carbonate (product made from Wako Pure Chem Industry) 
SrC03, oxidation europium (Shin-Etsu Chemical Co., Ltd. make) Eu 203, basic-magnesium-carbonate (product made 
from Wako Pure Chem Industry) (MgC03) 4Mg(OH)2.5H20, (Product made from Wako Pure Chem Industry) After 
blending and mixing oxidation silicon (product made from Wako Pure Chem Industry) Si02 each raw material so that the 
mole ratio of CaC03:SrC03:Eu203:(MgC03)4Mg(OH)2.5H2 0:Si02 may be set to 0.9215:0.0485:0.015:0.2:2, It calcinated 
at the temperature of 1 200 degrees C in the 2 volume %H2 content Ar ambient atmosphere, and calcinated at the 
temperature of 1200 degrees C in the 2 volume %H2 content Ar ambient atmosphere again after 2-hour baking and a 
crack for 2 hours. Thus, the empirical formula obtained the fluorescent substance expressed with 

calcium0.9215SrO.O485Eu0.03MgSi 206. When the excimer 146nm lamp (the USHIO, INC. make, H0012 mold) was used 
for the obtained fluorescent substance and ultraviolet rays were irradiated within the vacuum tub below 6.7Pa 
(5x10-2Torr), blue luminescence was shown and brightness showed 24 cd/m2 to this fluorescent substance. 
[0021] Heat treatment was performed for the obtained fluorescent substance for 500 degrees C and 30 minutes in air. 
As a result of taking out a fluorescent substance and measuring brightness, as compared with heat treatment before, 
brightness did not fall at all. 

[0022] The pressure installed the fluorescent substance before obtained heat treatment into the ambient atmosphere 
of a presentation of 5 volume %Xe-95 volume %Ne by 13.2Pa, and, subsequently to the plasma of 50W, made it expose 
to the plasma of 10W for 15 minutes for 30 minutes. As a result of taking out a fluorescent substance and measuring 
brightness, as compared with plasma exposure before, brightness did not fall at all. 

[0023] Heat treatment was performed for the fluorescent substance before obtained heat treatment and plasma 
exposure for 500 degrees C and 30 minutes in air. Subsequently, the pressure installed into the ambient atmosphere of 
a presentation of 5 volume %Xe-95 volume %Ne by 13.2Pa, and, subsequently to the plasma of 50W, made it exposed to 
the plasma of 10W for 15 minutes for 30 minutes. As a result of taking out a fluorescent substance and measuring 
brightness, as compared with heat treatment and plasma exposure before, lowering of brightness was 4%. 
[0024] Example 2 strontium carbonate SrC03, a barium carbonate (product made from Wako Pure Chem Industry) 
BaC03, oxidation europium (Shin-Etsu Chemical Co., Ltd. make) Eu 203, basic-magnesium-carbonate (product made 
from Wako Pure Chem Industry) (MgC03) 4Mg(OH)2.5H20, (Product made from Wako Pure Chem Industry) After 
blending and mixing oxidation silicon (product made from Wako Pure Chem Industry) Si02 each raw material so that the 
mole ratio of SrC03:BaC03:Eu203:(MgC03)4Mg(OH)2.5H2 0:Si02 may be set to 2.28:0.57:0.075:0.2:2, It calcinated at 
the temperature of 1200 degrees C in the 2 volume %H2 content Ar ambient atmosphere for 2 hours. Thus, the 
empirical formula obtained the fluorescent substance expressed with Sr2.28Ba0.57Eu0.1 5MgSi 208. When the excimer 
146nm lamp (the USHIO, INC. make, H0012 mold) was used for the obtained fluorescent substance and ultraviolet rays 
were irradiated within the vacuum tub below 6.7Pa (5x10-2Torr), blue luminescence was shown and brightness showed 
30 cd/m2 to this fluorescent substance. 

[0025] The example 3 barium carbonate (product made from Kanto Chemistry) BaC03, oxidation europium (Shin-Etsu 
Chemical Co., Ltd. make) Eu 203, a magnesium oxide MgO (product made from Kanto Chemistry), Oxidation silicon 
(Kojundo Chemical Laboratory Make) Si02 each raw material is blended so that the mole ratio of 

BaC03:Eu203:MgO:Si02 may be set to 1.98:0.01:1:2. Moreover, 0.1 mols added by making B-2 03 into flux to one mol 
of products, and among the acetone, with the mortar, wet blending was carried out enough and it dried. The obtained 
mixed raw material was paid to the metal mold made from stainless steel, and it pressurized by the pressure of 40MPa, 
and fabricated on the circular pellet with a diameter [ of 15mm ] x thickness of 3mm. The obtained pellet was put into 
alumina crucible and it calcinated at 1200 degrees C in the 5 volume %H2-95 volume %Ar ambient atmosphere for 3 
hours. Thus, the empirical formula obtained the fluorescent substance expressed with Ba1.98Eu0.02MgSi 207. When 
the excimer 146nm lamp (the USHIO, INC. make, H0012 mold) was used for the obtained fluorescent substance and 
ultraviolet rays were irradiated within the vacuum tub below 6.7Pa (5x1 0-2Torr), green luminescence was shown and 
brightness showed 95 cd/m2 to this fluorescent substance. 

[0026] In manufacturing example 4(Sr0.99Eu0.01)2MgSi 207, a strontium carbonate (product made from Kanto 
Chemistry) SrC03, oxidation europium (Shin-Etsu Chemical Co., Ltd. make) Eu 203, magnesium-oxide (product made 
from Kanto Chemistry) MgO, and oxidation silicon (Kojundo Chemical Laboratory Make) Si02 were used as a start raw 
material. These raw materials were blended so that the mole ratio of SrC03:Eu203:MgO:Si02 might be set to 
1.98:0.01:1:2, and 0.1 mols added by making B-2 03 into flux to 2071 mol of product (Sr0.99Eu0.01) 2MgSi(s), and 
among the acetone, with the mortar, wet blending was carried out enough and it dried. The obtained mixed raw material 
was paid to the metal mold made from stainless steel, and it pressurized by the pressure of 40MPa, and fabricated on 
the circular pellet with a diameter [ of 15mm ] x thickness of 3mm. The obtained pellet was put into alumina crucible 
and it calcinated at 1200 degrees C in the 5%H2-95%Ar ambient atmosphere for 3 hours. When the wavelength of 
254nm or 365nm ultraviolet rays was irradiated, in any case, light-blue luminescence of high brightness was shown in 
the sample obtained after baking. When vacuum ultraviolet radiation was irradiated using the excimer 146nm lamp 
(USHIO, INC. make) within the vacuum tub below 6.7Pa (5x1 0-2Torr), light-blue luminescence was shown and 
brightness showed 2 [ 25cds / /] cm. 

[0027] In manufacturing example 5(Sr0.99Eu0.01)2ZnSi 207, a strontium carbonate SrC03, oxidation europium Eu 203, 
a zinc oxide ZnO, and oxidation silicon Si02 were used as a start raw material. These raw materials were blended so 
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that the mole ratio of SrC03:Eu203:ZnO:Si02 might be set to 1.98:0.01:1:2, 0.1 mols of B-2s 03 were added to 2071 
mol of product (SrO.99EuO.01) 2ZnSi(s) as flux, and in the acetone, with the mortar, wet blending was carried out 
enough and it dried. The obtained mixed raw material was paid to the metal mold made from stainless steel, and it 
pressurized by the pressure of 40MPa, and fabricated on the circular pellet with a diameter [ of 15mm ] x thickness of 
3mm. The obtained pellet was put into alumina crucible and it calcinated at 1200 degrees C in the 5%H2-95%Ar ambient 
atmosphere for 3 hours. The flume gap excited in ultraviolet rays (254nm or 365nm) also showed bluish green color 
luminescence of high brightness about the sample obtained after baking. When the excimer 146nm lamp (USHIO, INC. 
make) was used for the fluorescent substance obtained within the vacuum tub below 6.7Pa (5x10-2Torr) and vacuum 
ultraviolet radiation was irradiated, luminescence of a bluish green color was shown. 

[0028] The example of comparison 1 calcium carbonate (product made from Wako Pure Chem Industry) CaC03, 
oxidation europium (Shin-Etsu Chemical Co., Ltd. make) Eu 203, basic-magnesium-carbonate (product made from 
Wako Pure Chem Industry) (MgC03) 4Mg(OH)2.5H20, Oxidation silicon (product made from Wako Pure Chem Industry) 
Si02 each raw material is blended so that the mole ratio of CaC03:Eu203:(MgC03)4Mg(OH)2.5H20:Si02 may be set to 
0.95:0.025:0.2:2. After mixing, it calcinated at the temperature of 1200 degrees C in the 2 volume %H2 content Ar 
ambient atmosphere for 2 hours. Thus, the empirical formula obtained the fluorescent substance expressed with 
calcium0.95Eu0.05MgSi 206. When the excimer 146nm lamp (the USHIO, INC. make, H0012 mold) was used for the 
obtained fluorescent substance and ultraviolet rays were irradiated within the vacuum tub below 6.7Pa (5x10-2Torr), 
blue luminescence was shown and brightness showed 12 cd/m2 to this fluorescent substance. 

[0029] Heat treatment was performed for blue luminescence fluorescent substance BaMgAMOOl 7:Eu of example of 
comparison 2 marketing for 500 degrees C and 30 minutes in air. As a result of taking out a fluorescent substance and 
measuring brightness, as compared with heat treatment before, brightness fell 1%. 

[0030] The pressure installed the blue luminescence fluorescent substance of the above-mentioned marketing into the 
ambient atmosphere of a presentation of 5 volume %Xe-95 volume %Ne by 13.2Pa, and, subsequently to the plasma of 
50W, made it expose to the plasma of 10W for 15 minutes for 30 minutes. As a result of taking out a fluorescent 
substance and measuring brightness, as compared with plasma exposure before, brightness fell 25%. 
[0031] Heat treatment was performed for the blue luminescence fluorescent substance of the above-mentioned 
marketing for 500 degrees C and 30 minutes in air. Subsequently, the pressure installed into the ambient atmosphere of 
a presentation of 5 volume %Xe-95 volume %Ne by 13.2Pa, and, subsequently to the plasma of 50W, made it exposed to 
the plasma of 10W for 15 minutes for 30 minutes. As a result of taking out a fluorescent substance and measuring 
brightness, as compared with heat treatment and plasma exposure before, brightness fell 28%. 
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